This study compares the development of Kalanchoe brasiliensis and Kalanchoe pinnata, which are medicinal species known as "saião" and "folha da fortuna" that are used interchangeably by the population for medicinal purposes. The experiment consisted of 20 plots/species planted in plastic bags with homogeneous substrate in a randomized design, which grown under light levels (25%, 50%, 70%, full sunlight) at environment temperature, and a treatment under a plastic with greater temperature range than the external environment. It was obtained for K. pinnata a greater plant height, total length of sprouts, stems, production and dry matter content of leaves than that obtained for K. brasiliensis, which achieved higher averages only for the length of lateral branches. The species showed increases in height, which varied in inverse proportion to the light, and it was observed the influence of temperature in K. pinnata. The production and dry matter content of leaves were proportional to the luminosity; the same occurred in the thickness of leaves for K. brasiliensis. In the swelling index and Brix degree, K. brasiliensis showed higher averages than K. pinnata. In relation to the total content of flavonoids it was not observed significant differences for both species. The analyzed parameters showed the main differences in the agronomic development of the two species.
INTRODUCTION
Kalanchoe Adans. is one of the three most important medicinal genera of the Crassulaceae family and comprises about 125 species, such as Kalanchoe brasiliensis Camb., which is native of Brazil, and Kalanchoe pinnata (Lamk.) Pers., which is native of Madagascar (Costa et al. 2008) . The species of the Crassulaceae family present xeromorphic features of adaption to intense luminosity and water scarcity (Herrera 2008) .
The medicinal species K. brasiliensis and K. pinnata are known in Brazil as "saião" and "folha da fortuna", respectively, and are used throughout the country to treat coughs, boils, gastritis and adnexitis (Lorenzi and Matos 2008) . In experimental pharmacology, Veiga Jr. (2005) mentioned the following activities identified in preclinical tests in vivo and/or in vitro for both species: analgesic, anti-inflammatory, antileishmaniasis, antimalarial, antimicrobial, antipyretic, antitumor, anti-ulcer, uterine contraction inhibitor, hepatoprotective, immunosuppressive and pesticide.
Several characteristics, such as plant form, physiology and resource allocation, vary according to the irradiance level to which the plants are acclimated and/or ecologically restricted (Givnish 1988) . Thus, changes in light levels to which a species is adapted may result in different physiological responses in its biochemical, anatomical and growth characteristics (Atroch et al. 2001 ).
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The most important chemical class found in the species of the genus Kalanchoe is represented by flavonoids (Costa et al. 2008) . There is a well-established positive correlation between the intensity of light radiation and the production of phenolic substances such as flavonoids, tannins and anthocyanins (Gobbo-Neto and Lopes 2007) . In the specific case of the flavonoids, they are mainly accumulated in superficial tissues and used by the plant as filters against ultraviolet (UV) radiation. It is also important to notice that plants are able to adapt to a considerable temperature range in which variations occur yearly, monthly and daily. This factor plays a major role in its development, affecting therefore its production of special metabolites (Gobbo-Neto and Lopes 2007).
The heterogeneous polysaccharides mucilages are natural constituents of the plant that have swelling properties in the presence of water (Poser 2004 ). The leaves of K. brasiliensis and K. pinnata possess various properties like the mucilaginous one (Kamboj and Saluja 2009, Machado and Melo-Junior 2009 ). An ordinary example of a medicinal plant that is commercially used and fits in the same situation is Aloe vera, which, according to Bach and Lopes (2007) , has the inside of its leaves formed by a parenchymatous tissue that is rich in polysaccharides (mucilage).
Despite remarkable medicinal uses, K. brasiliensis and K. pinnata have been little studied and are often used without distinction by the population (Costa et al. 2008) . Based on these problems, the aim of this study was to compare the development of these two species through chemical and agronomic parameters such as plant height, total length of sprouts, branches and stems, production and dry matter content of leaves, herbal use, thickness of leaves and production of flavonoids, mucilage and soluble solids.
MATERIALS AND METHODS

PLANT MATERIAL AND GROWTH CONDITIONS
Seedlings of the studied species at the same stage of development, which were obtained in a garden of the Faculdade de Farmácia e Bioquímica, Universidade Federal de Juiz de Fora (UFJF), Brazil, were planted in plastic bags with 5 liters of homogeneous substrate consisting of soil/sand/manure (3:1:1) and placed in a botanical station at Universidade Federal de Juiz de Fora, Brazil. Voucher specimens (K. pinnata: 46575/ K. brasiliensis: 43980) are kept in the Herbarium Leopoldo Krieger (CESJ) of UFJF. The plots were grown under four light levels (25%, 50%, 70% and full sunlight) at environment temperature using black screens of polyethylene, shade type, plus a cultivation treatment under polypropylene transparent plastic, ring fenced, in a microenvironment with higher temperatures than the external environment: 2-3 • C on cloudy days and 6-8 • C on sunny days, during the day, and below the environment temperature 1-5 • C overnight.
MEASUREMENTS AND ANALYTICAL DETERMINATIONS
Using a luxmeter (Chauvin Arnoux CA 810), the lux of the treatments in days of sun and shade was measured considering the value obtained for the treatment under full sunlight on a sunny day as 100% (Table I) . With one plant per plot, all five treatments were randomly evaluated for about six months in four replications resulting in 20 plots for species and a total of 40 plots. The collection was performed earlier for plots grown under plastic due to the increased senescence presented. The others were performed soon after, always grouped by replicates for the standardization of the analysis. On the days of collection, the plant height, total length of sprouts (tillers per vessel), lateral branches (branches of the main stem) and total length of stems (sum of previous measures) were measured.
To obtain an estimate of the total production of dry leaves, the dry matter content was determined by the ratio of dry to fresh weight. An aliquot of the leaves was weighed immediately after collection (fresh weight) and then dried in an oven at 70 • C to obtain the dry weight. This content was multiplied by the total fresh weight of leaves of each plot.
The thickness of leaf blades was determined by performing fresh freehand cross-sections in the intercostals region of the middle portion of the first fully expanded leaf from the stem apex of both species. The leaf material was fixed in AFA (alcohol, formaldehyde and acetic acid 9:0,5:0,5 v/v) for subsequent sectioning. Using a light microscope (Olympus BX-41), it was measured the thickness of the mesophyll and counted the number of cells in the vertical thickness line in the fundamental parenchyma, in the midvein region.
The amount of total flavonoids was determined as previously described by Fabri et al. (2009) with slight modifications. Quercetin (Sigma, 98% pure) was used as the standard for the calibration curve. One milligram of dried plant samples was extracted by maceration with two milliliters of methanol and filtered. One milliliter of each extract (0.5 mg/ml) was mixed with 2% aluminum trichloride (1 ml) and one drop of acetic acid. The mixture was diluted with methanol to 25 ml and allowed to stand for 40 min at 20 • C and then its absorbance was measured at 415 nm. Blank solution was prepared from the plant samples (1 mg) and one drop of acetic acid diluted to 25 ml in methanol. All determinations were performed in triplicates. The total amount of flavonoids was expressed in mg/g plant samples in quercetin equivalents.
The content of mucilage was obtained through the swelling index of dry leaves according to the method of Farmacopéia Brasileira (2000), with some modifications. It was used 0.5g of dried leaves ground into fragments of approximately 2 mm. These fragments were placed into bottles with 12 mm of internal diameter and added 3 ml of water. After 1 hour stirring at every ten minutes and three hours without stirring, the rate of swelling was determined by the final average volume occupied by fragments minus the initial volumes. The Brix degree (content of soluble solids) was measured in the previous experiment with a manual refractometer (Instrutherm RT-280, 0 • Brix to 90 • Brix) in the supernatant liquid 24 hours after the measurement of the swelling index (Izidoro et al. 2008 ).
STATISTICAL ANALYSIS
The results were analyzed by ANOVA, followed by Tukey test for averages in the factorial design of both species and five treatments, totalizing 10 factors. By using four replicates, 40 plots were analyzed. The data were described as significantly different, with 5% of significance.
RESULTS
Through the data of vegetative growth of both species, it was observed that plots of K. pinnata showed a significantly greater plant height, total length of sprouts and stems, production and dry matter content of leaves than the plots of K. brasiliensis, which reached higher averages only for the length of lateral branches (Table  II) . It was noted therefore in K. pinnata a greater apical dominance, tillering and an increased production of stems and leaves.
Both species showed increases in height, which varied in an inverse proportion to the incidence of light. The treatment with 25% of light showed significantly higher averages than the ones with 70%, full sunlight and cultivation under plastic. In treatments with 70 and 50% of light were found higher averages than under full sunlight and plastic. Unfolding the factorial design and analyzing the treatments within each species, it was found a greater influence of the temperature (cultivation under plastic) in K. pinnata, which showed lower heights in this treatment.
The emergence of sprouts was about 5,9 times higher in K. pinnata than in K. brasiliensis. Moreover, the branching of the stems was approximately 10 times higher in K. brasiliensis, which increased with shading. These results show a significant vegetative difference between both species. The estimated total production of dry leaves was directly proportional to luminosity, with a higher amplitude in K. pinnata. In K. brasiliensis, cultivation under plastic drastically affected the total production of dry leaves, which justified the early collection of plots under this treatment, as described in the methodology. By analyzing the dry matter content of leaves, it was realized that the species also showed direct response to light. This content was higher in cultivation under plastic than in other treatments for K. Averages followed by the same letters in columns do not differ at 5% of probability by Tukey test.
TABLE II
Plant height (PH), total length of sprouts (LSP), total length of lateral branches (LLB), total length of stems (LST), total estimated production of dry leaves (PDL) and dry matter content of leaves (DMCL) of plots of Kalanchoe brasiliensis (Kb) and Kalanchoe pinnata (Kp) in treatments (TR) under full sunlight (FS), 70% (70), 50% (50), 25% (25) of light and under plastic (P).
PH
brasiliensis, while K. pinnata presented smaller average than in the other four treatments under 25% of light. It was observed for K. brasiliensis a higher increased thickness of leaves under full sunlight than under 50 and 25% of light (Table III) . It was also noted a greater number of cells regarding the measurement of the line thickness.
In measuring the swelling index of leaves and Brix degree for both species, K. brasiliensis presented higher averages than K. pinnata (Table IV) . The decrease of luminous intensity in both species induced a lower swelling index of leaves (Table IV) , a lower thickness of leaves (Table III) and a lower dry matter content (Table II) , as previously mentioned. These results indicate that these treatments influence the leaf's content of mucilage for both species.
Through the content of total flavonoids, no significant differences were obtained between the averages of both species (Table IV) . Although these results did not differ significantly, K. pinnata showed higher averages than K. brasiliensis and both presented higher values under full sunlight.
DISCUSSION
According to Taiz and Zeiger (2004) , plants are able to adapt to different light conditions due to the presence of phytochrome, which perceives the shade. They then allocate a greater share of their resources to height growth. Zanella et al. (2006) found similar responses to those of K. pinnata and K. brasiliensis for Passiflora edulis Sims f. flavicarpa, which increased plant height progressively with the intensity of shading. Scalon et al. (2001) suggested that plants under high light availability have increased the thickness of their leaves as a resource for the protection of photosynthetic pigments, which can increase the total dry weight. This was also observed for K. brasiliensis. If this increase in thickness did not correspond to an increase in the number of cells, it may be supposed that the swelling of the cells was due to higher mucilage content present in vacuoles. Fleshy plants like Crassulaceae developed this xeromorphic adaptive characteristic (Fahn and Cutler 1992) .
Although the results of total flavonoids did not corroborate significantly the expected response, the influence of light on the production of flavonoids is widely discussed in the literature, which acts in the protection against photo-destruction by absorbing and/or dissipating the solar energy, thus hindering the UV-B damage to more internal tissues (Gobbo-Neto and Lopes 2007 ). An example of this was evidenced by Pimenta (unpublished data) for a medicinal plant named Echinodorus macrophyllus (Kunth) Micheli, which had the highest production of flavonoids and arylpropanoids when grown under full sunlight during the spring. Muzitano et al. (2011) evidenced the response of flavonoids to solar radiation for K. pinnata. In their study, the flavonoid content increased significantly under sunlight when compared with an extract obtained from K. pinnata specimens collected in the same season (autumn), but growing in the shade. Nielsen et al. (2005) studied the content of flavonoids in flowers of 16 Kalanchoe blossfeldiana Poelln. varieties, and the higher amount obtained was of 0,099 mg/g of quercetin. This value is lower than the lowest value obtained in the present study for K. brasiliensis and K. pinnata, which was of 92,29 mg/g.
In conclusion, there was a greater apical dominance and tiller in K. pinnata, besides an increased production of stems and leaves. In K. brasiliensis, there was higher branching of stems. The intensity of light directly affected both species regarding production and dry matter content of leaves, and inversely affected height growth, which also showed to be influenced by temperature in K. pinnata. K. brasiliensis showed thicker leaves under full sunlight and higher swelling index and content of soluble solids than K. pinnata. Finally, it was not observed significant differences for both species concerning the content of flavonoids. This study therefore contributes to the differentiation and the agronomy research of both species and will be relevant to pharmacological activities attributed to mucilage. 
